The central connections of retinal ganglion cells are retinotopically organized, producing a "map" of the retina on the surface of the optic tectum. Exactly how and when individual ganglion cells develop the position-dependent properties (termed locus specificities) subserving formation of the map is unknown, but the positional information that each ganglion cell will use in this process is specified in the early Xenopus embryo during a critical period at stages 28-32. We report two methods for isolating eye primordia from the axial cues of the animals during this critical period and for then allowing the eyes to form retinotectal connections in a carrier embryo. The results show that, as early as optic vesicle stages 22-23, the eyes already contain orthogonal reference axes, that positional information can be specified with respect to these axes in vitro, and that the specification process itself may only entail a transition from a reversible to an irreversible state.
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Neuronal locus specificity in retinal ganglion cells is defined as the property of the individual cell that predisposes its axon to synapse at a particular locus in the retinotectal map (1) . All available evidence indicates that locus specificity is a surfaceactive cytochemical property, which is correlated in the normal animal with the cell's position in the retina (2, 3) . Exactly when the individual ganglion cells develop definitive locus specificities is unknown and may differ for different ganglion cells. Nevertheless, the developmental program for spatial organization of the entire set of retinal locus specificities appears to be set down in the early Xenopus embryo (before optic nerve development) during a 5-to 10- hr "critical period" at stages 28-32 (4, 5) .
Recently we showed (3) that locus specificity appears to derive from field positional information (6) , that is, information about the cell's position in the retina, as measured along two orthogonal reference axes (anteroposterior and dorsoventral) that are established as the result of interaction with the general axial cues of the embryo. The programming events at stages 28-32 effect the "locking-in" of such a pair of reference axes, accompanied in the intact eye primordium by the determination, or specification, of the positional information that all the ganglion cells will use to develop appropriate locus specificities. A (Fig. 2a) , indicating that the in vitro procedures do not in themselves alter the eye's ability to generate a normal pattern of retinotectal connections. All Type IIB carriers, with 180'-rotated eye, showed misdirected VGSRs and completely inverted retinotectal maps (Fig. 2b) . Finally, most Type IIC carriers, where the eye was in 90'-rotated orientation in the carrier orbit, also showed misdirected VGSRs; and their retinotectal map from the experimental eye was rotated 90°from normal (Fig. 2c) .
In several Type IIC carriers, the eye had physically "derotated" to assume its normal anatomical orientation in carrier orbit, and the retinotectal map from the experimental eye was completely normal. This phenomenon, previously described by Harrison in transplanted limb buds (10) , is currently being investigated.
Thus, the results from. Type JIB and IIC experiments indicate that the reference axes for positional information were acquired in the donor embryo, before stage 22, and that 1800 disorientation of the eye at the time of reimplantation is not necessary for positional information to be specified along these previously-acquired reference axes.
These experiments permit several basic conclusions. First, the eye primordium before stage 28 is not spatially undifferentiated or without markers reflecting its orientation on the animal. In fact, the stage 22 eye primordium already possesses directional differences ("polarities") along two orthogonal axes. We make no assumptions about their cellular basis or precise localization; they may be identical to the reference axes in specified eyes, or they may reflect more primitive directional markers that can generate such reference axes later. Nevertheless, these primitive axes are aligned with the anteroposterior and dorsoventral axes of the donor embryo, and they can serve as (or transform into) the reference axes for positional information, specified at a later time.
Second, it follows that the programming events at stages 28-32 do not impart polarity to the eye or involve any obligatory interaction between the eye and the embryo's axial cues. Indeed, that a spatially organized set of locus specificities developed at all in the Series II eyes is remarkable, for these eyes never experienced the embryonic milieu while they were in vitro from stages 23-38. Apparently, then, there is nothing unique to the embryo during the critical period at stages 28-32 that is indispensible to the emergence of reference axes in the retina or the specification of positional information for the ganglion cells. Fig. 3a, b, (5) . The retinotectal maps in these carriers showed the same correlation with the final orientation of the eye that was observed in Series II above (Fig. 2a-c) . Moreover, when progressively shorter culture periods were used, in vitro specification of both the anteroposterior and dorsoventral axial components of positional information can occur in less than 36 hr (Fig. 3b) (Fig. 3c) .
These results are significant in two respects. First, several of the eyes that ultimately generated completely inverted retinotectal maps had lost their overlying ectoderm after explantation and had developed stark naked in vitro. This result completely eliminates the notion that adherent periocular tissue is "polarizing the eye" in vitro. Second, the retinotectal maps inverted anteroposteriorly after such a procedure indicate that at least the dorsoventral-axial cues are still present at stage 39/40, and positional information can be specified along two reference axes established 60 hr apart in the eye.
The results in this paper, then, are primarily illustrative of an approach, whose potential remains to be fully realized. Some uncertainties in the assay have yet to be clarified: (i) whether the anteroposterior cues are present in stage 39/40 carriers; (ii) why, and whether under all conditions, the eyes fail to show the influence of such cues on the ventral midline; and (iii) whether the acquisition of a new, carrierderived dorsoventral axis in some of the "less mature" explants resulted from the loss of the eye's primitive dorsoventral axis in vitro, or from the failure of dorsoventral specification to occur. Nevertheless, these assays can be modified to provide answers to these questions, to obtain basic information about the time required for axial replacement and for the unspecified-to-specified state transition, and to allow selective interference with these processes by various pharmacological agents and elucidation of their cellular basis.
For the present, however, we may conclude that the unspecified state in the Xenopus eye before stage 28 is a stable but reversible state, which includes a set of primitive axial markers that are aligned with the orthogonal body axes of the embryo. Whether these primitive axes are simply a modifiable version of the definitive reference axes characteristic of the specified state remains to be determined. But the eye can "lock-in" on these primitive axes and specify positional information for an entire, spatially-organized set of locus specificities in the absence of any further interactions with the embryo.
